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COMPARISONS BETWEEN CROSS-MEASURE BOREHOLES 
AND SURFACE GOB HOLES 
By T. W. Goodman ' and J. ~ e r v i  k 
ABSTRACT 
The Bureau of Mines conducted s t u d i e s  t o  compare t h e  e f f e c t i v e n e s s  of 
t h e  cross-measure b o r e h o l e  sys tem w i t h  t h a t  o f  s u r f a c e  gob h o l e s  on two 
s u c c e s s i v e l y  mined r e t r e a t i n g  l o n g w a l l s  i n  t h e  Lower K i t t a n n i n g  Coalbed. 
Only t h e  cross-measure sys tem w a s  i n  o p e r a t i o n  on p a n e l  A; on pane l  B ,  
b o t h  sys tems were i n  o p e r a t i o n .  I n  a d d i t i o n ,  t h e  cross-measure bore- 
h o l e s  on p a n e l  B were d r i l l e d  p a r a l l e l  t o  t h e  f a c e ,  whereas t h o s e  on 
p a n e l  A were d r i l l e d  a t  a 45O a n g l e  v i t h  r e s p e c t  t o  t h e  longwal l  a x i s .  
The s t u d i e s  show t h a t  t h e  cross-measure sys tem c a p t u r e d  71 p c t  of t h e  
methane g e n e r a t e d  by longwal l  mining on p a n e l  A. On p a n e l  B ,  t h e  s u r -  
f a c e  gob h o l e  dominated o v e r  t h e  cross-measure sys tem f o r  abou t  700 f t  
(213  m) a f t e r  i t  w a s  i n t e r c e p t e d .  Beyond t h a t  p o i n t ,  t h e  cross-measure 
sys tem dominated. About 93  p c t  of t h e  methane g e n e r a t e d  on p a n e l  B was 
c a p t u r e d  by t h e  two systems.  
Cross-measure b o r e h o l e s  t h a t  were  d r i l l e d  p a r a l l e l  t o  t h e  f a c e  were a s  
e f f e c t i v e  as b o r e h o l e s  o r i e n t e d  45" w i t h  r e s p e c t  t o  t h e  longwal l  a x i s .  
I n  a d d i t i o n ,  t h e y  a r e  s h o r t e r  and r e q u i r e  l e s s  d r i l l i n g  t ime.  Compar- 
i s o n  between observed gas  p r e s s u r e  d i f f e r e n t i a l s  i n  boreho les  and c a l -  
c u l a t e d  v a l u e s  i n d i c a t e  t h a t  boreho les  c a n  be s h o r t e n e d  f u r t h e r  t o  140 
f t  (43  m). A d d i t i o n a l  s t u d i e s  a r e  needed t o  v e r i f y  t h e s e  c a l c u l a t i o n s .  
'13ining e n g i n e e r .  
2 ~ u p e r v i s o r y  g e o p h y s i c i s t .  
P i t t s b u r g h  Research Cente r ,  Bureau of ~ i n e s ,  P i t t s b u r g h ,  PA. 
INTRODUCTION 
The methods of c o n t r o l l i n g  methane 
d u r i n g  longwal l  mining i n  t h e  United 
S t a t e s  a r e  v e n t i l a t i o n  and s u r f a c e  gob 
h o l e s .  Gene ra l l y ,  t h r e e  t o  f o u r  s u r f a c e  
gob h o l e s  a r e  d r i l l e d  over  a  5,000-ft  
( 1 , 5 2 4 9 )  panel .  Gob h o l e s  cannot  a lways 
be d r i l l e d  because of rough topography 
and /or  right-of-way problems, o r  because 
mining may be under  popula ted  a r e a s .  
The cross-measure  sys tem h a s  been i n -  
d i s p e n s a b l e  i n  d e g a s i f y i n g  longwal l  gobs 
i n  Europe s i n c e  Germany f i r s t  i n t roduced  
methane d r a i n a g e  u s i n g  p i p i n g  systems i n  
1943 ( 1 )  .3 The European c o a l  b a s i n s  t end  
t o  be- deeper  and s t e e p e r  d ipp ing ,  and 
more f r e q u e n t l y  a r e  l o c a t e d  under  pop- 
u l a t e d  a r e a s  t h a n  a r e  t h o s e  i n  t h e  United 
S t a t e s  ( 2 ) .  The s i n g l e - e n t r y  longwal l s  
i n  ~ u r o ~ e  a r e  u s u a l l y  advanced, i n  con- 
t r a s t  t o  t h e  predominantly r e t r e a t e d  
longwal l s  i n  t h e  United S t a t e s .  This  
p r even t s  immediate technology t r a n s f e r  
and g e n e r a t e s  t h e  need f o r  r e s e a r c h  i n  
t h i s  a r e a .  
The Bureau of Mines conducted s e v e r a l  
s t u d i e s  s t r u c t u r e d  t o  develop d e s i g n  
c r i t e r i a  f o r  t h e  cross-measure  t echn ique .  
Two of t h e  p r e l im ina ry  s t u d i e s  (3-4) were 
-- 
s i t e d  i n  t h e  Upper K i t t ann ing  Coalbed, 
where t h e  European technology underwent 
f e a s i b i l i t y  tests. Adapta t ions ,  expe r i -  
menta l ly  determined i n  t h o s e  tests, have 
been i n t roduced  i n  two s t u d i e s  conducted 
on a d j a c e n t  pane l s  i n  t h e  Lower K i t t an -  
n i n g  Coalbed. The o b j e c t i v e s  of t h e  
s t u d i e s  i n  t h e  Lower K i t t ann ing  Coalbed 
were t o  compare t h e  e f f e c t i v e n e s s  of t h e  
cross-measure  t echn ique  and s u r f a c e  gob 
h o l e s  i n  c o n t r o l l i n g  gob ga s  du r ing  re- 
t r e a t  longwal l  mining and t o  f u r t h e r  mod- 
i f y  European procedures  t o  meet t h e  needs  
of t h e  U.S. mining i n d u s t r y .  
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STUDY AREA 
The s t u d i e s  were conducted i n  t h e  Lower 
K i t t ann ing  Coalbed, which i s  about  48 i n  
(1.2 m) t h i c k .  The s t r a t i g r a p h i c  column 
shows t h e r e  a r e  t h r e e  c o a l  groups l o c a t e d  
about  15,  85,  and 125 f t  ( 5 ,  26, and 38 
m )  above t h e  roof of t h e  Lower K i t t ann ing  
Coalbed ( f i g .  1 ) .  A t o t a l  of 9  f t  (2.7 
m) of c o a l  l i e s  w i t h i n  t h e  f i r s t  130 f t  
(40  m) above t h e  roo f .  These coa lbeds  
a r e  known sou rce s  of methane. Overburden 
i s  about  645 f t  (197 m). 
3 ~ n d e r l i n e d  numbers i n  pa r en the se s  re- 
f e r  t o  i tems i n  t h e  l i s t  of r e f e r ences  a t  
t h e  end of  t h i s  r e p o r t .  
The test r e t r e a t i n g  longwal l s  a r e  l o -  
c a t e d  between 16 Right  and 18 Right o f f  F  
West i n  BethEnergy Mines, Inc . ,  Cambria 
33 Mine ( f i g .  2 ) .  A d e t a i l e d  view of t h e  
t e s t  p a n e l  i s  shown i n  f i g u r e  3. A l l  t h e  
cross-measure  boreholes  were d r i l l e d  from 
t h e  c e n t e r  e n t r y  and connected t o  a n  un- 
derground p i p e l i n e .  A s u r f a c e  borehole  
was d r i l l e d  between 16 Right  and 17 Righ t  
t o  b r i n g  t h e  ga s  t o  t h e  su r f ace .  The 
c e n t e r  e n t r i e s  were supported w i th  c r i b s  
t o  p r o t e c t  t h e  underground p i p e l i n e s  and 
t o  p reven t  cav ing  s o  t h a t  a cce s s  t o  t h e  
p i p e l i n e s  and cross-measure  boreholes  
could be mainta ined du r ing  t h e  l i v e s  of 
t h e  pane l s .  
Upper Kinanning 1 Coalbed ICo) 
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FIGURE 1. - Strat igraphic  column a b o v e  L o w e r  
K i t t a n n i n g  Coalbed.  
8,000 
-
Scale, ft 
FIGURE 2. - B e t h E n e r g y  M i n e s  Inc., Cambr io  33 M i n e .  
FIGURE 3. - L o n g w o l l  t e s t  panels .  
CROSS-MEASURE BOREHOLE SYSTEM 
DRILLING EQUIPMENT AND PROCEDURES 
The cross-measure boreholes  were 
d r i l l e d  s i m i l a r l y  t o  t hose  i n  t h e  Upper 
Ki t tanning  (4) and t h e  Lower Ki t tanning  
Coalbed ( 5 )  s t u d i e s .  The f i r s t  30 f t  
(9  m) w a s c o r e d  wi th  a 6-in (15-cm) d ia -  
mond b i t  core  b a r r e l ,  and the  remainder 
w i t h  a 1.9-in (5-cm) b i t .  A 4-in (10-cm) 
diameter  20-ft (6.1-m) p l a s t i c  p ipe  was 
then  grouted 18 f t  (5.5 m) i n t o  t h e  hole .  
Gas-water s e p a r a t o r s  were used on each  
hole .  Azimuth and d e c l i n a t i o n  surveys  
were made of each h o l e  a f t e r  t h e  d r i l l i n g  
phase was completed. 
UNDERGROUND INSTRUMENTATION 
Figure  4 shows t h e  connect ion of a 
cross-measure borehole t o  t h e  underground 
p i p e l i n e .  Gas flow r a t e s  ( a i r  p l u s  meth- 
ane) were ca l cu la t ed  from d i f f e r e n t i a l  
p re s su re  measurements w i th  a U-tube ma- 
nometer ac ros s  t he  p re s su re  t a p s  of t h e  
v e n t u r i .  Methane concent ra t ion  i n  t h e  
g a s  flow was determined wi th  a hand- 
he ld  0- t o  100-pct methanometer, and t h e  
p a r t i a l  vacuum a t  each borehole was 
measured wi th  a manometer a t  t h e  in- 
l e t  v e n t u r i  t a p  1. Return a i r  from each 
longwall  was channeled through a s i n g l e  
e n t r y  ( eva lua t ion  po in t )  before  i t  en- 
t e r e d  t h e  main r e t u r n s  ( f i g .  3 ) .  Ven- 
t i l a t i o n  surveys were made i n  t h e s e  lo-  
c a t i o n s  us ing  a methane d e t e c t o r  and an  
anemometer. The t o t a l  gas  f lows from 
Plastic pipe (standpipe ). 
- in  main pipeline 
Not to scale 
FIGURE 4. - Underground measurement instrumentation. 
each t e s t  pane l  were obtained by summing 
t h e  i n d i v i d u a l  borehole flows. 
METHANE REMOVAL 
Longwall mining c r e a t e s  a void which 
even tua l ly  begins t o  cave. Frac tures  ra- 
d i a t e  from t h e  caving zone and i n t e r c e p t  
methane-bearing rock strata and coalbeds 
i n  t h e  roof .  These f r a c t u r e s  conduct 
methane i n t o  the  mine opening. Holes 
d r i l l e d  i n t o  t h e  roof strata i n t e r c e p t  
t h e  f r a c t u r e s  and capture  t h e  methane. 
The ho le s  a r e  connected t o  an under- 
ground 6-in (15-cm) diameter  polyethylene 
p i p e l i n e  ( f i g .  4 ) ,  which t r a n s p o r t s  t h e  
methane t o  t h e  s u r f a c e  through a cased 
8-in (20-cm) v e r t i c a l  borehole.  
Gas flow occurs  i n t o  a cross-measure 
borehole a f t e r  undermining of t h e  h o l e  
and a p p l i c a t i o n  of a p a r t i a l  vacuum by 
an exhauster  o r  vacuum pump on t h e  
system. I n  t h i s  s tudy ,  two exhaus ters  
were used ( f i g .  5 ) .  The capac i ty  of t h e  
smaller exhaus ter ,  used i n i t i a l l y  u n t i l  
t h e  gas  flow from t h e  undermined cross-  
measure boreholes  reached about 400 f t 3 /  
min (0.19 m3/s ) ,  ranged t o  450 f t3 /min  
(0.21 m3/s) wi th  p a r t i a l  vacuums up t o  
8.65 i n  Hg (29 kPa). The l a r g e r  exhaus- 
t e r ,  used t h e r e a f t e r ,  r equ i r e s  a minimum 
flow of 350 f t3 /min  (0.17 m3/s).  Maxi- 
mum capac i ty  i s  1,300 f t3 /min  (0.61 m3/s) 
wi th  p a r t i a l  vacuums up t o  12.6 i n  Hg 
(42 kPa) . 
GAS-WATER SEPARATOR 
Each borehole was equipped wi th  a 
Bureau-designed gas-water s epa ra to r  ( 6 ) .  
F igure  6 shows t h e  des ign  of t he  sepa- 
r a t o r  used on each borehole on panel  A. 
I n  some in s t ances ,  water  blocking 
problems developed when rock p a r t i c l e s  
washed down t h e  h o l e  and accumulated i n  
t h e  annulus between t h e  gas dra inage  p ipe  
and t h e  s tandpipe  o r  i n  t h e  pipe exten- 
s i o n  nea r  t h e  one-way check valve. When 
t h i s  occurred,  t h e  water  accumulated i n  
t h e  annulus u n t i l  t h e  s l o t  i n  t h e  gas 
dra inage  p ipe  was reached and then d i s -  
charged i n t o  t h e  underground pipe- 
l i n e .  To circumvent t h i s  problem, t h e  
f i r s t  30 f t  (9  m) of each cross-measure 
FIGURE 5. - Surface exhausters. 
borehole on panel  B was enlarged from 
4 t o  6 i n  (102 t o  152 mm) so  t h a t  t h e  
s tandpipe  diameter could be increased  
from 2.5 t o  4 i n  (64  t o  102 mm) and t h e  
gas  dra inage  p ipe  diameter  from 1.5 t o  2 
i n  ( 3 8  t o  51  mm). Thus t h e  annulus s i z e  
was increased  by a f a c t o r  of 2 over  t h e  
ho le s  on panel  A. No d e b r i s  accumulated 
i n  t h e  annulus of boreholes  on panel  B ,  
and l i t t l e  downtime occurred due t o  water  
bypassing t h e  sepa ra to r .  The s e p a r a t o r s ,  
however, should be checked p e r i o d i c a l l y  
t o  ensure  t h a t  no rock p a r t i c l e s  a r e  ac- 
cumulating i n  t h e  p ipe  ex tens ion  n e a r  t h e  
one-way check valve. 
Not to scale CROSS-MEASURE BOREHOLE DESIGN 
The des ign  parameters f o r  t h e  c ross -  
measure boreholes  on panel  A a r e  s i m i l a r  
t o  t he  design used i n  e a r l i e r  Bureau FIGURE 6. - Gas-water separators. s t u d i e s  (3 -4) .  These boreholes were 
- - 
TABLE 1. - Design parameters f o r  cross-measure boreholes 
d r i l l e d  45' wi th  r e spec t  t o  t h e  a x i s  on mined coalbed, and even though t h e  bore- 
t h e  longwall ,  which i s  a  common p r a c t i c e  holes  of p a n e l B  a r e  55 f t  (17 m) s h o r t e r  
i n  Europe. On panel  B ,  t h e  cross-measure than those of panel  A ,  t he  pene t r a t ion  
boreholes  were d r i l l e d  perpendicular  t o  depth of t he  boreholes i n t o  t h e  gob 
t h e  a x i s  on t h e  longwall. This i s  a  de- i s  about t h e  same f o r  t h e  two panels .  
Borehole parameters 
Angle, deg: 
Vertical............................ 
Horizontal.......................... 
kngth............................ft.. 
Terminal height.......... ........ . f t . .  
Spacing, f t :  
1 s t  ha l f  of panel................... 
2d ha l f  of panel.................... 
p a r t u r e  from t h e  European des ign ,  where (The pene t r a t ion  depth  i s  t h e  h o r i z o n t a l  
t h e  ho le s  must be d r i l l e d  diagonal ly t o  p ro jec t ion  of t h e  h o l e  p a r a l l e l  t o  t h e  
reach  t h e  gas ahead of t h e  f a c e  i n  ad- l i n e  of t h e  face . )  A l l  ho les  were 
vancing longwall  systems. I n  European surveyed a f t e r  completion of d r i l l i n g  t c  
r e t r e a t i n g  systems, t h e  holes  must be determine the  a c t u a l  pa th  of t he  b i t  
dismantled when t h e  f a c e  reaches t h e  through t h e  roof s t r a t a .  In  genera l ,  t h e  
Panel A 
28 
45 
280 
130 
200 
300 
c o l l a r  of t h e  ho le  owing t o  caving of t h e  surveys showed t h a t  t he  holes  turned 
s i n g l e  en t ry .  upward more s t eep ly  and t o  the  r i g h t  
Table 1 summarizes the  des ign  param- because of clockwise r o t a t i o n  of t h e  
e t e r s  f o r  t h e  two panels .  A l l  boreholes b i t .  
t e rminate  about 130 f t  (40 m) above t h e  
Panel B 
35 
90 
225 
130 
200 
300 
SURFACE GOB HOLES 
Surface gob ho le s  have been used a t  t h e  
Cambria 33 Mine s i n c e  1968. A t y p i c a l  
borehole p l an  i s  shown i n  f i g u r e  7. The 
f i r s t  gob hole  is  loca ted  about 400 
f t  (122 m) from t h e  s t a r t i n g  f ace ,  and 
o t h e r s  a r e  spaced e q u i d i s t a n t  along t h e  
remainder of t h e  panel. 
The su r face  gob ho le  f a n  is energized 
a f t e r  t h e  hole  i s  undermined by the  
longwall miner. When t h e  concentrat ion 
LEGEND 
x Equidistant spacing 
@ Surface gob hole 
Centerl~ne 
.--$- q+ + -----A. 
x-i-x+x 
Direction of retreat - 
FIGURE 7. - Sur face gob h o l e  l o c a t i o n  plan. 
of the  methane drops below 25 p c t ,  t h e  
hole  i s  shu t  i n .  Methane concent ra t ion  
and flow readings a r e  made d a i l y  during 
mining of the  longwall panel,  using a  
methane d e t e c t o r  and anemometer. 
For panel  A ,  only one su r face  gob ho le  
could be d r i l l e d  because of a  populated 
a r e a  on t h e  su r face  ( f i g .  3).  It was 
d r i l l e d  about 1,300 f t  (396 m) from t h e  
s t a r t  of t h e  panel. Even t h i s  borehole 
had t o  be d isp laced  about 75 f t  (23 m) 
from the  c e n t e r l i n e  toward the  r e t u r n  
s i d e  of t h e  longwall t o  avoid su r face  
s t r u c t u r e s .  Panel length  is  2,700 f t  
(823 m ) .  For panel  B ,  two su r face  gob 
ho le s  were d r i l l e d  650 and 1,350 f t  (198 
and 411 m) from t h e  s t a r t  of the panel.  
Both su r face  gob holes  were d isp laced  
from t h e  c e n t e r l i n e  of t h e  panel because 
of su r face  right-of-way problems. Panel 
B i s  2,340 f t  (713) long. 
DATA ANALYSIS 
PANEL A 70 
Pane l  A was worked t h r e e  s h i f t s  p e r  day 
b u t  on a  predominantly 3-d/wk s chedu l e  
because of t h e  low demand f o r  c o a l  ( f i g .  
8 ) .  The pane l  was complete ly  mined i n  69 
working days ,  which were sp r ead  over  a  
240-day i n t e r v a l  and i nc luded  t h r e e  i d l e  
p e r i o d s  of 73, 32, and 10 days .  
Cross-Measure System--Gas Produc t ion  
Most boreholes  d i d  no t  produce ga s  
u n t i l  a  p a r t i a l  vacuum was a p p l i e d  and 
t h e  longwal l  f a c e  passed 75 t o  100 f t  (23  
t o  30 m) beyond t h e  end of a  borehole  
( b u t  b e f o r e  t h e  f a c e  reached i t s  c o l l a r ) .  
Holes 5  and 10 were excep t i ons .  A  f r e e  
f low of methane 160 f t 3 / m i n  (0.028 m3/s) ] 
was measured from h o l e  5 b e f o r e  t h e  f a c e  
reached  i t s  c o l l a r .  A f t e r  t h e  f a c e  
passed  beyond t h e  c o l l a r ,  t h e  f r e e  f low 
s topped  and a  p a r t i a l  vacuum was r e q u i r e d  
t o  ma in t a in  flow. Gas p roduc t ion  oc- 
c u r r e d  from h o l e  10 on ly  a f t e r  t h e  f a c e  
passed  w e l l  beyond i t s  c o l l a r .  
The methane f low from t h e  cross-measure 
sys tem i s  shown i n  f i g u r e  9. Also shown 
a r e  t h e  t i m e s  when each  borehole  s t a r t e d  
methane produc t ion ,  which i s  g r e a t e s t  
when t h e  borehole  f i r s t  goes on produc- 
t i o n .  Methane flow from t h e  c ro s s -  
measure system g r a d u a l l y  i nc r ea sed  a s  t h e  
number of boreholes  undermined i nc r ea sed .  
That  methane f low r a t e s  a r e  dependent on 
whether c o a l  i s  a c t i v e l y  be ing  mined i s  
c l e a r l y  demonstra ted by t h e  much lower  
f low r a t e s  d u r i n g  prolonged i d l e  p e r i o d s .  
During t h e  f i r s t  i d l e  pe r i od  (73  d a y s ) ,  
methane f low dec l i ned  from 400 t o  100 
f t 3 / m i n  (0.19 t o  0.05 m3/s) ;  when mining 
resumed, t h e  f low inc r ea sed  and r e t u r n e d  
t o  about  400 f t 3 / m i n  (0.19 m3/s) .  These 
d a t a  i n d i c a t e  t h a t  about  75 p c t  of t h e  
methane i n  t h e  gob comes from t h e  newly 
f r a c t u r e d  roof  s t r a t a  n e a r  t h e  f a c e .  
F igu re  10 shows t h e  v a r i a t i o n s  i n  meth- 
ane  c o n c e n t r a t i o n  i n  t h e  gas  f low from 
h o l e  2; t hey  a r e  t y p i c a l  of t h e  methane 
c o n c e n t r a t i o n  v a r i a t i o n s  i n  ga s  f low from 
0 4 0  8 0 120 160 200 240 
TIME, days 
FIGURE 8. - D a i l y  longwa l l  c o a l  product ion (panel A). 
HOLE PRODUCT ION STARTUP 
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F I G U R E  9. - Methane f l o w  from cross-measure 
system (panel A). 
0 40 8 0  120 160 2 0 0  240 
TIME, days  
FIGURE 10. - Methane concentrat ions in  gas f low 
from ho le  2 (panel A) .  
o t h e r  c ross -measure  b o r e h o l e s .  The meth- 
a n e  c o n c e n t r a t i o n  averaged abou t  90 p c t  
b u t  dropped t o  abou t  30 p c t  i n  20 days  
d u r i n g  t h e  f i r s t  i d l e  p e r i o d .  The d i s -  
t a n c e  between h o l e  2 and t h e  longwal l  
f a c e  was 835 f t  (255 m) a t  t h i s  t ime. 
When mining resumed on day 140, t h e  meth- 
a n e  c o n c e n t r a t i o n  i n  t h e  g a s  f low began 
t o  i n c r e a s e  and reached 100 p c t  on day 
178, when t h e  longwal l  f a c e  was 1,630 f t  
(497 m) from h o l e  2. During t h e  second 
i d l e  p e r i o d  (day 180 t o  210) ,  t h e  methane 
c o n c e n t r a t i o n  a g a i n  d e c l i n e d ,  b u t  i t  in -  
c r e a s e d  a f t e r  mining resumed and reached 
90 p c t .  A t  t h i s  t ime ,  t h e  d i s t a n c e  be- 
tween t h e  longwal l  f a c e  and h o l e  2  was 
2 ,120 f t  (646 m ) .  These d a t a  c l e a r l y  i n -  
d i c a t e  t h e  gob i s  q u i t e  permeable and 
t h a t  methane m i g r a t e s  e a s i l y  through t h e  
gob f o r  d i s t a n c e s  of a t  l e a s t  2,120 f t  
(646 m). 
The e f f e c t i v e n e s s  of t h e  cross-measure 
sys tem i n  c o n t r o l l i n g  methane i n  t h e  re-  
t u r n  a i r  from t h e  longwal l  i s  shown i n  
f i g u r e  11. The p o i n t  i n  t ime when e a c h  
boreho le  s t a r t e d  t o  produce g a s  i s  shown 
a l o n g  t h e  t o p  on t h e  graph. Methane 
f lows  i n  t h e  r e t u r n  a i r  g r a d u a l l y  de- 
c r e a s e d  from 250 t o  100 f t 3 / m i n  (0.12 t o  
0.05 m3/s)  a s  t h e  number of t h e  b o r e h o l e s  
p roduc ing  g a s  i n c r e a s e d .  The e f f e c t  of 
e a c h  b o r e h o l e  on methane f low i n  t h e  re-  
t u r n  a i r  i s  c l e a r l y  demonstra ted by t h e  
l a r g e  d e c r e a s e  i n  f low i n  t h e  r e t u r n  a i r  
immediately a f t e r  each  boreho le  s t a r t e d  
gob g a s  p roduc t ion .  These peak f lows 
ranged from about  200 t o  450 f t 3 / m i n  
HOLE PRODUCTION STARTUP 
(0.09 t o  0.21 m 3 / s ) ,  s u g g e s t i n g  t h a t  t h e  
200-ft (61-m) s p a c i n g  shou ld  be reduced. 
The f i r s t  l a r g e  roof  f a l l  a f t e r  mining 
of t h e  p a n e l  was s t a r t e d ,  was accompanied 
by l a r g e  f lows of methane, and mining was 
suspended f o r  s h o r t  p e r i o d s  because  s u f -  
f i c i e n t  a i r  was n o t  a v a i l a b l e  t o  m a i n t a i n  
methane c o n c e n t r a t i o n s  i n  t h e  r e t u r n s  a t  
p e r m i s s i b l e  l e v e l s .  Genera l ly ,  o n l y  one 
boreho le  was on p roduc t ion  a t  t h i s  t ime ,  
and t h e  q u a n t i t y  of t h e  gob g a s  t h a t  
can  be drawn through a  2-in (51-mm) d i -  
ameter  boreho le  i s  s m a l l  i n  comparison t o  
t h e  tremendous q u a n t i t i e s  g e n e r a t e d  i n  
t h e  gob. Consequently,  gob gas  began t o  
s p i l l  i n t o  and over load  t h e  r e t u r n  a i r  
system. A d d i t i o n a l  boreho les  d r i l l e d  
between h o l e s  1  and 2 and between h o l e s  2  
and 3  would p r e v e n t  l a r g e  peak f lows and 
would lower t h e  g e n e r a l  l e v e l  of methane 
f low i n  t h e  r e t u r n s .  T h e r e f o r e ,  bore- 
h o l e s  should be spaced 100 f t  (30 m) 
a p a r t  a l o n g  t h e  f i r s t  600 f t  (183 m) of 
t h e  longwal l  and t h e r e a f t e r  200 f t  ( 6 1  m )  
a p a r t .  
Sur face  Gob Hole--Gas Produc t ion  
The s u r f a c e  gob h o l e  produced gob g a s  
f o r  abou t  6  days  and was f i n a l l y  s h u t  i n  
because  of low methane c o n c e n t r a t i o n s  i n  
t h e  g a s  f low. The h o l e  vented abou t  
1 ,000,000 f t 3  (28,300 m3) of methane 
d u r i n g  i t s  s h o r t  p r o d u c t i v e  l i f e .  Gas 
p roduc t ion  s t a r t e d  on day 156, and no in -  
d i c a t i o n s  e x i s t  t h a t  t h e  gob h o l e  a f -  
f e c t e d  methane f lows i n  t h e  r e t u r n  a i r ,  
d e s p i t e  t h e  f a c t  t h a t  h o l e  7 ,  which was 
undermined around day 160 and produced no 
g a s ,  i s  i n  t h e  same a r e a  a s  t h e  s u r f a c e  
gob h o l e .  The l a r g e  peak methane flow 
C 
- 1 2  3 4 5 6  8 9  1 1  1 0 ~ 2  around day 180 ( f i g .  11) was caused by a  5 6 0 0  , I 1 1 1  I I I I 
m 
.- KEY p a r t i a l l y  blocked p i p e l i n e ;  t h i s  may have 
Y- x Idle period 
2' 4 0 0  - masked t h e  e f f e c t  of t h e  s u r f a c e  gob 
0 
A h o l e .  
LL 
w 2 0 0  - Table  2  shows t h a t  t h e  cross-measure 
z 
a 
I 
b o r e h o l e  sys tem c a p t u r e d  70.7 p c t  of t h e  
F 
W methane produced by t h e  mining o p e r a t i o n .  
r 0 4 0  8 0  120 160 2 0 0  2 4 0  
TIME. days About 28.7 p c t  of t h e  methane e n t e r e d  t h e  
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mine v e n t i l a t i o n  sys tem,  and o n l y  0.6 p c t  
FIGURE 11. - Methane f l o w  i n  return a i r  (panel A). was c a p t u r e d  by t h e  s u r f a c e  gob h o l e .  
TABLE 2. - Panel  A and B cap tu re  r a t i o s  
=oss-measure boreholes  70.7 
Return air . . . . . . . . . . . . .  I / 28.7 
System 
Surface  gob hole. . . . . . .  
Tot a 1  ............. 
I I 
PANEL B (DAYS 37-59) 
Cross-measure boreholes  I 8 1 28.0 
PANEL A 
Methane, 
106 f t 3  
............. Return a i r  2  7.0 
Surface eob hole. . . . . . .  1 19 1 65.0 
Capture 
r a t i o ,  
PCt 
V 
........... Tota l . .  I 29 1 100.0 I 
PANEL B (DAYS 60-121) 
Surface gob holes . . . . . .  
Total... . . . . . . . . . .  
Cross-measure boreholes  28- 62.0 
PANEL B 
Return air . . . . . . . . . . . . .  
The panel  was completely e x t r a c t e d  i n  
61 working days ,  which were spread  over  a  
121-day i n t e r v a l  and included two i d l e  
per iods  of 11 and 25 days ( f i g .  12) .  
Cross-Measure and Surface 
Gob Holes--Gas Product ion 
3 
A l l  boreholes  produced gas  cont inuously 
a f t e r  they went on product ion,  except  
h o l e  10,  which produced f o r  only 3 weeks. 
Gas f lows began a f t e r  mining moved 75 t o  
100 f t  (23 t o  30 m) p a s t  t h e  boreholes ,  
which a r e  o r i e n t e d  p a r a l l e l  t o  t h e  long- 
w a l l  face .  For boreholes  o r i e n t e d  a t  45" 
(0.79 r a d )  w i th  t h e  longwall  a x i s ,  gas  
product ion s t a r t e d  a f t e r  t h e  longwall  
f a c e  passed 75 t o  100 f t  (23  t o  30 m) be- 
yond t h e  end of t h e  borehole  but  before  
t h e  f a c e  reached i t s  c o l l a r .  
F igure  13 shows t h a t  t h e  p a r t i a l  vacuum 
of t h e  s u r f a c e  pump ranged from 8 t o  10 
i n  Kg (27 t o  34 kPa) dur ing  t h e  s tudy .  
The p a r t i a l  vacuum, however, on ind iv id-  
u a l  boreholes  gene ra l l y  decreases  wi th  
time. During t h e  e a r l y  l i f e  of t h e  pan- 
e l ,  t h e  capac i ty  of t h e  s u r f a c e  pump i s  
d i s t r i b u t e d  over  a  few h o l e s ,  and t h e  
p a r t i a l  vacuum i s  high. Addition of 
boreholes  t o  t h e  system causes  t h e  par- 
t i a l  vacuum on t h e  o l d e r  boreholes  t o  
decrease .  
7.0 
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FIGURE 12. - Da i ly  longwa I1 coal  production (panel B). 
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FIGURE 13. - Part ia l  vacuum measured at surface 
pump (panel B). 
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FIGURE 14. - Part ia l  vacuum measured at hole 1 
(panel B). 
Figure 14 shows t h e  p a r t i a l  vacuum 
curve f o r  ho l e  1 ,  which i s  t y p i c a l  f o r  
o t h e r  boreholes .  The p a r t i a l  vacuum de- 
creased from about 4  i n  Hg (14 k ~ a )  when 
only 2 boreholes  were producing t o  about 
1 i n  Hg (3.4 kPa) when 13 boreholes  
were producing. The i n c r e a s e  i n  par- 
t i a l  vacuum on h o l e  1 around day 37 
was caused by t h e  s t a r t  of gas pro- 
duc t ion  from s u r f a c e  gob h o l e  1 (SGH-1) , 
which caused t h e  s u r f  ace exhaus te r  
t o  work ha rde r  t o  main ta in  flow 
through t h e  cross-measure system. SGH-2, 
which was i n t e r c e p t e d  on day 92, i s  
t o o  f a r  from h o l e  1 t o  have had any 
e f f e c t .  
Genera l ly ,  ga s  f low (methane p lus  a i r )  
and methane f low ( f i g .  9 )  from t h e  c ros s -  
measure system on pane l  A i nc reased  a s  
t h e  number of boreholes  undermined in-  
creased.  On panel  B ,  gas  and methane 
f lows inc reased  when ho le s  1 t o  3 were 
undermined ( f i g .  15).  The d i f f e r e n c e s  
between t h e  two curves r ep re sen t  t h e  
amount of a i r  drawn i n t o  t h e  c ross -  
measure system. When SGH-1 was under- 
mined, both gas  and methane flows de- 
creased.  Gas flow recovered more qu ick ly  
t h a n  methane flow and exceeded t h e  gas  
f low t h a t  e x i s t e d  be fo re  SHGl was i n t e r -  
cep ted ;  t h e  methane flow d id  no t  f u l l y  
recover .  These d a t a  i n d i c a t e  t h a t  t h e  
cross-measure system was drawing more 
mine a i r  i n t o  t h e  system t o  make up f o r  
t h e  l o s s  of methane t o  SGH-1. Methane 
flow was about  1,800 f t 3 / m i n  (0.85 m3/s) 
when SGH-1 s t a r t e d  product ion,  and de- 
c l i n e d  over  a 7-day per iod  t o  about 500 
f t3/min (0.24 m3/s) ( f i g .  16).  The h igh  
methane flow from SGH-1 caused t h e  de- 
c l i n e s  i n  bo th  gas  and methane flows from 
t h e  cross-measure system. Because t h e  
f low from SGH-1 dec l ined  r a p i d l y ,  bo th  
methane and gas f lows from t h e  c ross -  
measure system inc reased  again.  For t h e  
next  23 days,  both methane and gas  f lows 
remained cons t an t  even though ho le s  4 t o  
8 were undermined. Af t e r  day 80, gas  and 
methane flows began t o  i n c r e a s e  aga in  
a s  h o l e s  9 t o  13 were undermined. These 
d a t a  i n d i c a t e  t h a t  t h e  zone of i n f luence  
of SGH-1 extended about  700 f t  (211 m). 
Beyond t h a t  d i s t a n c e ,  flows from t h e  
cross-measure system increased  a s  ad- 
d i t i o n a l  boreholes  were undermined. SGH- 
2 caused a s l i g h t  decrease  i n  flow from 
t h e  cross-measure system, bu t  i t s  e f -  
f e c t  was no t  a s  g r e a t  a s  t h a t  of SGH-1 
( f i g .  15) .  
A Methane flow 
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FIGURE 15. - Gas and methane f lows from cross- 
measure boreholes (panel B). 
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FIGURE 16. - Methane f l ow  from surface gob holes 
(panel B). 
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FIGURE 17. - Methane concentrat ion in  gas f low 
from the cross-measure system (panel B). 
The concen t r a t i on  of methane i n  gas  
f l ow  from t h e  cross-measure system was 
c l o s e  t o  100 p c t  be fo re  SGH-1 was in- 
t e r cep t ed  ( f i g .  17) .  The concen t r a t i on  
dropped t o  about  30 p c t  f o r  a  few days 
a f t e r  SGH-1 was i n t e r c e p t e d  and recov- 
e r e d  t o  about 55 p c t .  These measure- 
ments r e i n f o r c e  t h e  ga s  and methane f low 
( f i g .  15) d a t a ,  which demonstrate  t h e  
tremendous i n f l u e n c e  of SGH-1 on t h e  
cross-measure system. Except f o r  t h e  25- 
day i d l e  pe r iod  when t h e  concen t r a t i on  
dropped t o  30 p c t  and then  i nc r ea sed  
a g a i n  when mining resumed, t h e  concen- 
t r a t i o n  changed on ly  a  few p o i n t s  f o r  t h e  
remainder of t h e  s tudy .  The e f f e c t  of 
SGH-2 on methane concen t r a t i on  i n  t h e  ga s  
f low from t h e  cross-measure system was 
n e g l i g i b l e .  
Methane flow i n  t h e  r e t u r n  a i r  from t h e  
longwal l  showed c h a r a c t e r i s t i c s  s i m i l a r  
t o  t h o s e  noted i n  t h e  pane l  A s tudy ( f i g .  
11) .  It decreased  d rama t i ca l l y  a f t e r  
h o l e  2  was i n t e r c e p t e d ,  began t o  b u i l d  up 
a g a i n  du r ing  mining, and then  decreased  
a g a i n  when h o l e  3  was i n t e r c e p t e d  ( f i g .  
18) .  Sho r t l y  a f t e r  h o l e  3  went on pro- 
d u c t i o n ,  SGH-1 was i n t e r c e p t e d  and t h e  
methane f low i n  t h e  r e t u r n  dropped t o  50 
f  t3 /min (0.023 m3/s) o r  l e s s  f o r  t h e  re-  
mainder of t h e  s t udy .  The peak methane 
f lows  t h a t  occurred d u r i n g  t h e  e a r l y  l i f e  
of  t h e  pane l  sugges t  t h a t  t h e  boreholes  
were spaced t o o  f a r  a p a r t .  A c l o s e r  
spac ing  of h o l e s  would e l i m i n a t e  t h e  peak 
f lows and lower t h e  gene ra l  l e v e l  of 
methane i n  t h e  r e t u r n s .  
Capture Ra t io s  
F igure  16 shows t h e  combined methane 
f low from SGH-1 and SGH-2. Methane f low 
from SGH-1 dec l i ned  from 1,800 t o  200 
f t 3 / m i n  (0.85 t o  0.09 m3/s) i n  about  22 
days (day 37 t o  59) ;  du r ing  t h i s  t ime in -  
t e r v a l ,  t h e  h o l e  cap tured  65 p c t  of t h e  
methane genera ted  by t h e  mining o p e r a t i o n  
( t a b l e  2 ) .  The cross-measure  system cap- 
t u r e d  28 p c t ,  and t h e  o t h e r  7 p c t  en- 
t e r e d  t h e  mine v e n t i l a t i o n  system. How- 
e v e r ,  f o r  t h e  remainder of t h e  pane l  
(days 60 t o  121 ) ,  when t h e  combined f low 
from SGH-1 and SGH-2 averaged 200 f t 3 / m i n  
(0.09 m3/s) , t h e  cross-measure boreholes  
were t h e  dominant system c o n t r o l l i n g  
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FIGURE 18. - Methane f low i n  return air  a an el B). 
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FIGURE 19. - Effectiveness of cross-measure sys- 
tem and surface gob holes (panel B). 
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methane. Table 2  shows t h a t  t h e  c ross -  
measure system cap tured  62 pc t  of t h e  
methane, compared w i th  28 p c t  f o r  t h e  two 
s u r f a c e  gob h o l e s  dur ing  t h i s  per iod .  
The cap tu re  r a t i o s  f o r  t h e  two systems 
might have been much h ighe r  than  i n d i -  
c a t ed  i n  t a b l e  2  had on ly  t h e  s u r f a c e  gob 
h o l e s  o r  t h e  cross-measure system been i n  
o p e r a t i o n  on pane l  B. The s u r f a c e  gob 
h o l e s  d i d  a f f e c t  t h e  performance of t h e  
cross-measure system, and undoubtedly t h e  
cross-measure system a f f e c t e d  t h e  per- 
formance of t h e  s u r f a c e  gob h o l e s .  On 
pane l  A ,  t h e  methane concen t r a t i on  i n  t h e  
gas  f low from t h e  cross-measure system 
averaged 80 p c t  o r  g r e a t e r  du r ing  mining. 
On pane l  B ,  t h e  concen t r a t i on  dropped 
from 100 t o  about  60 p c t  a f t e r  SGH-1 was 
i n t e r c e p t e d  ( f i g .  17) .  T e s t s  conducted 
on pane l  B du r ing  t h e  second i d l e  per iod  
(day 62) i n d i c a t e  t h a t  no change occur red  
- 
+ x 4  
- 
i n  t h e  methane f low i n  t h e  r e t u r n  a i r  
over  a  20-h per iod  when t h e  cross-measure  
system was c losed  and t h e  s u r f a c e  gob 
h o l e  was opera t ing .  The t e s t  showed t h a t  
x Idle per~od 
- x -  
- 
- 
- 
t h e  s u r f a c e  gob h o l e  a l o n e  could c o n t r o l  
methane f low i n  t h e  r e t u r n  a i r .  However, 
i n  a  l a t e r  t e s t  on day 109, methane f low 
i n  t h e  r e t u r n  a i r  i nc r ea sed  from 50 t o  
220 f t 3 /min  (0.02 t o  0.10 m3/s) over  a  
22-h per iod  when t h e  cross-measure  sys-  
tem was n o t  o p e r a t i n g  and t h e  two su r -  
f a c e  gob h o l e s  were producing meth- 
ane  ( f i g .  19) .  When t h e  s i t u a t i o n  was 
reversed-- that  i s ,  t h e  s u r f a c e  gob h o l e s  
were s h u t  i n  and t h e  cross-measure sys -  
tem was i n  operat ion-- the methane f low 
i n  t h e  r e t u r n  a i r  decreased r a p i d l y  
from 220 t o  50 f t 3 /min  (0.10 t o  0.02 
m3/s) i n  about  3.5 h. During t h e  pe r iod  
when t h e  cross-measure system was no t  i n  
o p e r a t i o n ,  over  50 p c t  of t h e  methane 
produced by t h e  mining o p e r a t i o n  e n t e r e d  
t h e  mine v e n t i l a t i o n  system. The t e s t  
was te rmina ted  t o  avoid  exceeding t h e  
pe rmi s s ib l e  methane l e v e l  i n  t h e  r e t u r n  
a i r .  
Table  2  shows t h a t  about  93 p c t  of t h e  
methane genera ted  by t h e  longwall  opera- 
t i o n  on pane l  B was cap tured  by t h e  com- 
bined e f f e c t s  of t h e  cross-measure  system 
and t h e  two s u r f a c e  gob h o l e s .  On pane l  
A ,  where on ly  t h e  cross-measure system 
was i n  o p e r a t i o n ,  about 71 pc t  of t h e  
methane was cap tured .  
Gas f lows from t h e  boreholes  d r i l l e d  
p a r a l l e l  t o  t h e  f a c e  on pane l  B were 
comparable t o  f lows from boreholes  
d r i l l e d  a t  a  45' ang l e  t o  t h e  a x i s  of 
t h e  longwal l  on pane l  A. No d i s c e r n i b l e  
d i f f e r e n c e  was observed. Both SGH-1 and 
SGH-2 a f f e c t e d  t h e  concen t r a t i on  of  meth- 
ane i n  t h e  gas  f low from t h e  c ross -  
measure system and prevented f u r t h e r  
comparisons. 
GOB GAS MIGRATION INTO A BOREHOLE 
Gas p r e s su re  d i f f e r e n t i a l s  a s s o c i a t e d  
w i t h  f low of gas  from a cross-measure  
borehole  were c a l c u l a t e d  f o r  t h r e e  c a s e s  
and t h e n  compared t o  observed va lues  
f o r  t h e  boreholes  a long  pane l  B. I n  t h e  
f i r s t  c a s e ,  gob gas i s  assumed t o  f low 
i n t o  t h e  borehole  nea r  t h e  p i l l a r  l i n e  
( f i g .  20A) w i th  t h e  remainder of t h e  
borehole  i n  t h e  gob nonproductive.  I n  
t h e  second c a s e ,  gob gas  i s  assumed t o  
f low i n t o  t h e  borehole  uniformly a long  
t h e  l e n g t h  of t h e  borehole  i n  t h e  gob 
( f i g .  20B). I n  t h e  t h i r d  c a s e ,  gob gas  
i s  assumed t o  flow i n t o  t h e  borehole  over  
t h e  p i l l a r  w i th  t h e  remainder of t he  
borehole  nonproduct ive ( f i g .  20C). The 
fo l l owing  equa t i on  was used t o  compute 
t h e  ga s  p r e s su re  d i f f e r e n t i a l s  f o r  t h e  
t h r e e  ca se s  ( 7 ) :  
- 
where p  = p r e s s u r e  d i f f e r e n t i a l  ( i n  
Hg) , 
$ = 1 f o r  c a s e  1 ( f i g .  20A) and 
113 f o r  c a se s  2  ( f i g .  20B) 
and 3 ( f i g .  20C), 
X = c o e f f i c i e n t  of r e s i s t a n c e  
(d imens ion less ) ,  
L = p ipe  o r  h o l e  l e n g t h  ( f t ) ,  
d  = p ipe  o r  h o l e  d iameter  ( f t ) ,  
3 p = gas  d e n s i t y  ( l b / f t  ) ,  
- 
V = average gas  v e l o c i t y  ( f t / s ) ,  
and g = a c c e l e r a t i o n s  of g r a v i t y  
( f  t / s 2 ) .  
I n  most i n s t a n c e s ,  t h e  c a l c u l a t e d  ga s  
p r e s s u r e  d i f f e r e n t i a l s  ag ree  w i th  ob- 
se rved  va lues  f o r  t h e  ca se  where gas  
e n t e r s  t h e  boreholes  c l o s e  t o  t he  p i l l a r  
l i n e  ( f i g .  20A). I n  a  few i n s t a n c e s ,  t h e  
ca se  where t h e  gas  flowed i n t o  t h e  bore- 
h o l e  over  t h e  p i l l a r  ( f i g .  20C) f i t  ob- 
se rved  va lues  more c l o s e l y .  F igure  21 
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FIGURE 21. - Comparison of observed and calcu- 
lated partial  vacuums on hole 3 (panel B). 
shows t h e  c a l c u l a t e d  va lues  f o r  t h e  t h r e e  
cases  compared t o  t h e  observed va lues  f o r  
h o l e  3,  which a r e  t y p i c a l  f o r  most of t h e  
boreholes .  Good agreement e x i s t s  f o r  t h e  
ca se  where gas e n t e r s  t h e  borehole c l o s e  
t o  t h e  p i l l a r  l i n e .  Comparisons between 
c a l c u l a t e d  and observed va lues  f o r  bore- 
h o l e s  a long  panel  A yie lded  s i m i l a r  re-  
s u l t s  ( 5 ) .  Thus, boreholes  d r i l l e d  a t  a  
45' angie  w i th  r e spec t  t o  t h e  a x i s  of t h e  
longwall  behave i n  a  manner s i m i l a r  t o  
boreholes  d r i l l e d  p a r a l l e l  t o  t h e  f ace .  
These c a l c u l a t i o n s  a l s o  i n d i c a t e  t h a t  t h e  
boreholes  can be shortened cons iderably ,  
which w i l l  make t h e  cross-measure system 
more c o s t  e f f e c t i v e .  Cross-measure bore- 
h o l e  l eng th  i s  280 f t  (85 m) on panel  A 
and 225 f t  (69) on panel  B. These ca l -  
c u l a t i o n s  show t h a t  borehole l eng th  can 
be reduced t o  about 140 f t  (43  m) without  
a f f e c t i n g  t h e  performance of t h e  system. 
Addi t iona l  experimentat ion is  necessary 
FIGURE 20. - Migration of gas into a borehole. t o  v e r i f y  t h e s e  ca l cu la t ions .  
SUMMARY AND CONCLUSIONS 
The cross-measure system i s  a  v i a b l e  
method of c o n t r o l l i n g  gob gas on re- 
t r e a t i n g  longwall f a c e s ,  provided ac- 
c e s s  t o  t h e  main p i p e l i n e  and i n d i v i d u a l  
boreholes  can be maintained dur ing  t h e  
l i f e  of t h e  panel. On panel  A ,  where 
only t h e  cross-measure system was op- 
e r a t i n g ,  about 71 pc t  of t h e  methane pro- 
duced by t h e  mining ope ra t ion  was cap- 
tured .  On panel  B ,  where both t h e  c ross -  
measure and su r f ace  gob ho le s  were i n  
ope ra t ion ,  93 pc t  of the  methane was 
captured.  
Methane flows i n  t h e  r e t u r n  a i r  on 
both panels  i n d i c a t e  t h a t  borehole spac- 
i n g  should be l i m i t e d  t o  200 f t  (61 m), 
except  on about  t h e  f i r s t  600 f t  (183 m) 
of t h e  longwall ,  where spacing should 
be reduced t o  100 f t  (30 m). More c ross-  
measure boreholes  a r e  necessary near  t h e  
s t a r t  of t h e  longwall t o  capture  t he  
l a r g e  q u a n t i t i e s  of methane t h a t  a r e  re- 
l ea sed  when t h e  f i r s t  l a r g e  roof f a l l  
occurs.  
During prolonged i d l e  per iods ,  meth- 
ane i n  t h e  gob was deple ted  by the  
cross-measure system; consequent ly ,  t h e  
methane concen t r a t i on  i n  t h e  ga s  flow 
from t h e  cross-measure system dropped 
from 80  p c t  o r  more t o  30 p c t .  When min- 
i n g  resumed, t h e  concen t r a t i on  i nc r ea sed  
a g a i n  t o  80  p c t  o r  more even i n  boreholes  
l o c a t e d  over  2,000 f t  (610 m) from t h e  
f a c e .  These d a t a  i n d i c a t e  t h a t  t h e  gob 
i s  permeable and t h a t  methane genera ted  
by t h e  breakup of roof s t r a t a  nea r  t h e  
f a c e  w i l l  migra te  through t h e  gob f o r  
d i s t a n c e s  of over  2,000 f t  (610 m). 
About 75 yct of t h e  methane i n  t h e  gob 
du r ing  mining emanates from newly f r ac -  
t u r e d  roof  s t r a t a  nea r  t h e  f ace .  
Gas f lows from boreholes  d r i l l e d  para l -  
l e l  t o  t h e  f a c e  on pane l  B were compar- 
a b l e  t o  f lows from boreholes  d r i l l e d  45" 
t o  t h e  a x i s  of t h e  longwall  on panel  A. 
No d i s c e r n i b l e  d i f f e r e n c e  was observed. 
Both sets of h o l e s  t e rmina ted  a t  t h e  same 
h e i g h t  above t h e  mined coalbed and pene- 
t r a t e d  about  t h e  same d i s t a n c e  i n t o  t h e  
gob. P e n e t r a t i o n  i n t o  t h e  gob i s  de f ined  
a s  t h e  h o r i z o n t a l  p r o j e c t i o n  of t h e  
borehole  p a r a l l e l  t o  t h e  f a c e .  Boreholes 
d r i l l e d  p a r a l l e l  t o  t h e  f a c e  a r e  recom- 
mended because they  a r e  s h o r t e r  and re-  
q u i r e  l e s s  d r i l l i n g .  
SGH-1 was very  e f f e c t i v e  i n  c o n t r o l -  
l i n g  methane i n  t h e  gob. Its i n f l u e n c e  
extended about  700 f t  (213 m). Beyond 
t h a t  p o i n t ,  t h e  cross-measure system con- 
t r o l l e d  gob gas .  SGH-2 was no t  as e f -  
f e c t i v e  a s  SGH-1. Both s u r f a c e  gob 
h o l e s  were o f f s e t  from t h e  c e n t e r l i n e  
of t h e  pane l  because of right-of-way 
problems. This  may have a f f e c t e d  t h e i r  
performance. 
Comparisons between measured and ca l -  
c u l a t e d  gas  p r e s su re  d i f f e r e n t i a l s  i n  
boreholes  on bo th  pane ls  i n d i c a t e  t h a t  
gob gas  e n t e r e d  t h e  boreholes  c l o s e  t o  
t h e  p i l l a r  l i n e ,  which was about  140 f t  
(43  m) from t h e  c o l l a r  of t h e  borehole .  
The remainder of t h e  borehole  was nonpro- 
duc t i ve .  Reducing borehole  l e n g t h  t o  140 
f t  (43  m) would lower d r i l l i n g  c o s t s  
and make t h e  cross-measure  system more 
c o s t  e f f e c t i v e .  Addi t iona l  experimen- 
t a t i o n  i s  necessary  t o  v e r i f y  t h e  
c a l c u l a t i o n s  . 
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